June 7, 1955 - W. H. LINDSEY ET AL 2,710,068

| CONTROL OF PROPELLER—DRIVING GAS TURBINE ENGINES -
Filed Aug. 3, 1850 2 Sheets—Sheet 1

’°

F1G. 3. ? . ’ 57
S
53 .-‘:‘.H :
g gg"_:ﬂl -
A= "!m i.
AN NN !?5m

IIIII*’=er E
| -

~f|| ] |

3 'l’”l

¢

_AMMVIA 66
' 65 60

RRNAWNY
{l

TN
N ) FIG.2. . -
TAKE OFF I
o] | 1 - _
- 2 CLMB |— —————B
s - |
N~ 1 HE

Jnpventor$

W. H. LINOSEY &
v & 6. CASWELL

W&ﬁ-‘%@h@ﬂ} s




2,710,068

W. H. LINDSEY ET AL
CONTROL OF PROPELLER-DRIVING CGAS TURBINE ENCINES

June 7, 1955

Filed Aug. 3, 1950

LS

& ?#mgs

Snvento

W.H AINVOSEY

WA

2 Sheets—Sheet 2

+0ld __ _ M_L._m._w,__ﬁ__m__w.mz____._wﬁ._.___ I “\W\“&Hﬂ\\“
\‘!‘ ’ \\\\\‘\ k _...w___a_.,__#ra._rgﬁ.ww
Ye— .._-\\\ \\.\\ |
Vet

E.G. CASWELL

N Lo
~ _
o
By

%Y

-= - 8¢

_ n , 0 Pauw ¥
'/‘.\ N d] N N S s Y 7 N
: %WNN\/M &K nm\\‘n»/v,,w \“\\VI./» &N
f....\\ / LN A ,, - - “I._ w4
b) ,ﬁmmmmmm”/ \ ,mmmm“m_m_ hmmm“mw ~ummwmmmmmmu
n— \ ﬁ Lfﬁl
il

TN > S|

91



United States Patent

1

- 2,710,068
CONTROL OF PROPELLER-DRIVING. GAS
TURBINE ENGINES
William HMenry Lindsey and Edwin G. Caswell, Coventry,

England, assignors to Armstrong Siddeley Motors Lim-
ited, Coventry, England o

Application August 3, 1950, Serial No. 177,432

Claims priority, applicatien Great Britain
‘November 4, 1949 |

1 Claim. (Cl. 170—135.74)

This invention relates to a gas turbine aircraft engine
of the kind which drives a variable-pitch- propeller having
a governor-controlled pitch-changing mechanism (com-
mounly known as a constant-speed unit, or by the initials
C. 8. U.) such as is able, in certain conditions, to vary
the pitch as necessary in order to restore the engine speed
to a predetermined value when the engine speed
changes. |
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rate, to keep the engine speed at ‘the
value. |
Thus, if the engine is running at its constant-speed

predetermined

~and medium power, and if the throttle is then opened

ol

&)

quickly to a sufficient extent, an extra amount of fuel
1s supplied which, unless otherwise provided for, would

- immediately cause a rise in engine speed. If, therefore, h

10

it 18 so arranged that, when the extra fiel 1s ‘quickly sup-
plied, the control by which the governor setting is ad-
justed (such control being hercinafter referred to as the
C. S. U. control) is so adjusted that a speed lower than
the constant engine speed is selected temporarily to en-
able the propeller pitch to be “coarsened” to prevent the

tendency for the engine speed to rise, and that the
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‘Wiih the normal system of control, for a given fuel |

flow a certain horse-power will be. obtained at a certain
engine speed, with the propeller at a pitch to produce
this engine speed. The engine speed varies with the power
output with a smooth curve. This is achieved by a
particular interconnection of the main engine control
(hereinafter referred to as the throttle), the fuel control
unit, and the C. S. U. |

The normal system of control is quite satisfactory in
- ordinary landing conditions, but when an aircraft as afore-
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said is to land, say, on an aircraft carrier a different tech-

nique has to be employed owing to the confined space
and length of run available. It is now usual in deck

39

landing for the pilot, after his approach, te set his normal

aircraft controls so as to bring the ajrcraft to its correct |

landing attitude, and thereafter to leave those con-.

trols as thus set and to complete the landing by manipu-
lation of the throttle. | -
It 1s therefore important that the response of the engine

40

to movement of the throttle should in some conditions E

be as nearly instantaneous as. is possible, i. e., that full
power should be available at the
when the pilot. requires it, and vice versa. -
This is not possible with the normal control, which
gives an engine acceleration from idling conditions to
climb or normal full power conditions in approximately

propeller w‘it-h,o,u't-_ delay

- rate to reduce the tendency of the engine speed to fall

' for controlling the pitch; and

C. S. U control is thereafter returned at a predetermined
until the C. S. U. selection attains a position correspond-
ing to the constant engine speed, the propeller will then
be in the correct pitch to absorb the whole of the increase
in power without any substantial alteration in the engine
speed having occurred. - |

In this way substantially none of the power developed
is used for accelerating the rotor system, and it is sub-
stantially immediately available at the propeller.

If, on the other hand, the throttle is moved slowly, the
C. 8. U. selection must keep the engine speed constant.

There are several methods of interconnecting the pilot’s
throtile control and the C. S. U. to produce the desired
eftect, i. e., so that if the throttle is quickly moved, the
fuel contrel will move in the same sense to cheoose a
different amount of fuel while the C. S. U. control is
moved I the opposite sense for a predetermined amount
and thereafter in the same sense as the fuel control
unti] it attains a position corresponding to the constant
speed - of the engine; and so that if the throttle is slowly
moved the C. S. U. selections still tend to keep the engine
speed constant as speed variations occur. =

In the accompanying diagrammatic drawings:

Figure 1 is an elevation of a variable-pitch propeller

driven by a gas turbine engine;

Figure 2 is a diagram ifidicating roughly the output
range at which the engine speed is to be maintained
constant; | o

Figure 3 is a diagram of a usual constant-speed unit

Figure 4 is a diagram showing a satisfactory and pre-

ferred arrangement of controi according to the invention,

between three to five seconds—i. e., the full power in-

crease when opening the throttle rapidly may not be
available at the propeller for approximately five seconds.
(During acceleration of the engine the power required. to
mcrease the engine speed is approximately, say, 70%
of the normal power output of the engine, so that during
five seconds of speed increase only approximately 30%
of the normal power is available at the propeller.)

It 1s the cobject of the present invention to
disadvantages above-mentioned in a simple manner.

According to the invention, the control, for the governor
setting of the said mechanism, is connected with the
throttle in such manner as to be initially adjusted, by
a rapid and sufficient opening movement of the throtile,
so that the said mechanism will “coarsen” the pitch as
necessary for the additional power (resulting from the

opening of the throttle) to be available at the propelier

substantially instantaneously and not applied for ac-
celerating the engine, whereas for a rapid and sufficient
closing movement of the throttle the governor setting
1s initially adjusted so that the said mechanism will “fine”
the pitch as necessary for the lower power (resulting from
~the closing movement of the throttle) to be available
at the propeller substantiaily instantaneously and net
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in which, for clearness, seven sections along the length

~of a valve mechanistn (marked q, b, ¢, d, e, f, g, respec-

tively) are shown displaced, although in
will be coaxial.

In the diagram of Figure 2, in which the abscissae
are speed and the ordinates engine power, the point A of
the graph represents the full idling speed, i. e., the mini-
mum power at which the C. S. U. takes control, -and
the point B the climb or normal maximum power; but
for take-off purposes, or in other exceptional conditions,
a still higher output can be temporarily used, as indi-
cated by the portion of the curve B—C, in which case
the emgine speed increases beyond the predetermined
speed represented by the line A—B. | -

Referring now to Figures 1 and 3, the latter shows a
normal form of constant-speed unit having a pitch-chang-
ing cylinder 58 with a piston 51 therein connected to

practice these

the propeller unit 52 in a well understood manner, whilst

the opposite ends of the cylinder communicate, respec-
tively, by coarse and fine pitch passages 53 and 54 with
ports controlled by a valve 55 the position of which is
controlled by a governor mechanism 56. - The governor
weights §7 are pivotally mounted on a gear wheel 58
which is driven in any convenient manner from the gas

- turbine engine 59. The delivery of a booster pump 6%

applied for decelerating the engine; whilst in either case |

the governor setting is then re-adjusted, at a predetermined

communicaies through a nen-return valve 61 with the
annular passage 64 between the lands 62, 63 on the valve
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55, the lands controlling ports to the passages 53 and 54.
A by-pass passage 65 interconnects the inlet and delivery
sides of the pump and contains a loaded relief valve 69.
A further passage 67 connects the inlet of the pump with
the annular passage 68 above the -top land 62 of the
valve 55, for exhaust purposes, whilst internal passages

of the valve connect that annular passage 68 with the
 annular passage 62 below the lower land 63 of the valve.

The manner in which the said mechanism operates
for maintaining the engine speed constant, as long as
the governor control lever 78 is not mioved, Is well-
known in practice. Actually, the pitch-changing piston
51 is shown against the fine pitch stop 71 and the governot
weights 57 are shown as being swung outwardly to the
constant speed position, and in these conditions the en-

gine 59 is running at its constant speed and minimum

power. The valve 55 occupies the position shown, with
the lands 62, 63 blanking the ports for the passages 33,
54, respectively, so that the piston 51 1s hydraulically
locked against movement,

Referring now to Figure 4, this shows a preferred
arrangement in which the control lever 10 may be re-
parded as the pilot’s throttle. This is connected, in a
known manner, with the fuel control unit through an
appropriate linkage, neither of these latter betng shown
in Figure 4. The control lever 10 is fixed to one part of
a rotatable valve member 11 provided with passages and
ports as shown in the various sections. Surrounding
this valve member is a rotatable valve sleeve 12 which 1s
also provided with ports and passages along its length
as shown in the various sections. Integral with this
sleeve is a vane 13, forming the movable member of a
fluid pressure servo or follow-up mechanism, the cham-
ber 14 of which is connected at opposite sides of the
vane by passages 15, 16 with the appropriate sections
a, b, and c¢ of the valve member and sleeve. A vane
timing jet 17, in the form of a metered restriction, is
provided in the portion of the passage 15 associated with
the section b, and a branch 18 from this same passage
is the connection to the section c.

Hydraulic fluid, for example, oil, under pressure from
the passage 19 is supplied to the annular space R round
the valve member 11 at the section d irrespective of
~ any position of the valve member or sleeve, and is at
all times led therefrom along the two longitudinal pas-
sages (marked R) in the sections g, b, and ¢. The two
intermediate longitudinal passages in the sections a, b,
and ¢, as well as the central bore therein, communicate
continuously through ports and passages in the valve
member and sleeve at section e with an exhaust passage
20, all of which are marked S. |

Two passages 21 and 22 connect the sections a and b,
at points opposite the passages 16 and 15, respectively,
with the opposite ends of a cylinder 23 containing a
piston 24, the latter having a piston rod 2§ coupled by
means, not shown, with the control lever 70 of the
C. S. U. This piston has two annular grooves 26, 27
in its periphery, the groove 26 nearer the piston-rod end
communicating by an internal passage 28 with the op-
posite end of the piston, while the other groove 27 com-
municates with the piston-rod end by an internal pas-
sage 29. A central bore 30, restricted at 31, intercon-
nects both ends of the piston. |

When the piston is in the position which it occupies
when the C. S. U. control is set for the predetermined
constant engine speed (i. e., as shown in the drawings),
its right-hand and central lands are aligned with passages
32, 33 which communicate, respectively, with the exhaust
passage 20 and the pressure passage 19, metered orifices
34, 35 (balance jet and piston return jet) being provided,
respectively, in the passages 32, 33. |

(Actually, in this position of the piston, the passages
32, 33 are of a width such that they can slightly overlap
either the left-hand edges only, or the right-hand edges
only, of these piston lands for the following purpose. All
the parts are shown in the maximum idling position (after
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which the C. S. U. takes control), and in this position
there is a constant small circulation of oil through the pis-
ton. Assuming that it is the left-hand edges only that are
overlapped, oil then passes from the passage 33 through
the small overlap of the central land into the annular pas-
sage 27, whence it is transferred through the internal

passage 29 into the cylinder space at the right-hand side
of the piston, thence through the restriction 31 and the

passage 30 into the cylinder space at the opposite side
of the piston. From here it passes through the internal
passage 28 into annular passage 26, finally exhausting
through the slight overlap by the passage 32. Conversely,
if it is the right-hand edges of the lands that are over-
lapped when the piston is in its balanced position, oil will
then pass from the passage 33 through the small overlap
of the central land into the annular passage 26, and
through the passages 28 and 30, and the restriction 31,
finally exhausting through the slight overlap by the pas-
sage 32. In this manner the oil is not allowed to stagnate
and become thick, and in consequence a quick response of
the whole control to any change of throttle setting 1s
ensured.) | - |

‘1Ignoring the function of sections f and g for the mo-
ment, if the control lever 10 is now moved relatively
quickly to the “maximum climb” position, indicated at
41, the valve member 11 is rotated clockwise which
brings the pressure passages R of section b into regisier

- with the ports in its surrounding sleeve part, and the

exhaust passages S of section « into register with the ports
in its surrounding sleeve part. Pressure oil is thereby fed
via the passage 22 to the right-hand side of piston 24, and
also via the vane timing jet 17 in the passage 15 to the
Jeft-hand side of the vane 13. Due to the restriction of
the balance jet 34 in the passage 32 the piston will move
to the left and thereby act to adjust the C. S. U. control,
i, e., to move the lever 70 clockwise to select temporarily
a lower speed, in the manner previously described.

During this period the ocil from the left-hand side of
the piston is being exhausted through the passage 21
and the ports in the sleeve part and passages S of sec-
tion a. At the same time the oil, being fed to the passage
15 at a slower rate, due to the vane timing jet 17, is mov-
ing the vane 13 to the right and thus rotating the sleeve
12, oil from the opposite side of the vane being ex-
hausted through the passage 16 and the passages S of the -
section ¢. - The movement of the vane will continue until
it has moved to the same extent angularly as the control
lever 10 and valve member 11 were moved, and, during
this period of movement, the ports in the sleeve will be
moving from a position of register with the passages in
the valve member until they are completely closed again,
i. e., until they occupy the same relative positions as
shown in the drawings but both displaced angularly the
same amount as the vane and control lever.

When the pressure and exhaust flows through the valve
mechanism are thus stopped, the pressure oil in the pas-
sage 33 in then effectively applied through the restriction
35 to the annular groove 26 and then through the pas-
sage 28 to the left-hand end of the piston so as to force
this back to the intermediate or balanced position, the
oil from the opposite end of the piston exhausting to the
passage 20 via the passage 32 and the balance jet 34.
The rate of this return movement depends on the size of
the piston return jet 35 in the pasage 33, which 1s nor-
mally slightly smaller than the balance jet 34.

The two lands on the valve member 11 of section ¢
which control the ports in the sleeve 12 are wider than
these ports for the following reason. The rate of move-
ment of the vane 13, and therefore of the sleeve 12,
depends on the size of the vane timing jet 17 which is
so chosen that, for normal quick opening of the throt-
tle, the vane 13 will follow with only a slight lag. If
the rate of opening of the throttle is increased beyond
this, the lag of the vane would be greater, and it is in such
condition that the section c¢ portion operates. In this
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case the above-mentioned wide lands of the valve mem-
ber 11 open the coacting ports in the sleeve so that pres-
sure oil is fed directly to the vane chamber 14. The
vane will, therefore, move substantially in step over a
substantial range of the throttle movement with bu
slight lag, i. e., until the port in the sleeve (section c)
is again covered, after which the remaining movement
of the vane will be effected through section b and the
restriction 17.

" Referring now to the sections f and g, these only bs-
come effective when the control lever 18 is moved beyond
the “maximum climb” position indicated at 41, 1. ¢., when
the engine speed can be varied from the predetermined
constant speed, as for example, during “take-off,” the
position of which is indicated at 42. At each of these sez-
‘tions a fixed sleeve 36 (section f) and 37 (section g)
surrounds the rotatable sleeve 12, and these fixed sleeves
are provided with diametrically-opposite ports disposed
as shown and communicating with annular passages
round the fixed sleeves. A passage 38 connects the an-
nular passage of sleeve 36 to the cyiinder 23 so as to
overlap the left-hand land of the piston as shown, and a
passage 3% containing a take-off timing jet, shown as a
metered restriction 48, connscts the right-hand end of the
cylinder with the annular passage of the sleeve 37 via
the passage 22.

In the rotatable sleeve of each section are two diameti-
cally-opposite passages, those in section f (marked R)
being in communication with the pressure supply and
those in section g (marked S) being in communicatio:n
with the exhaust.

Up to the “maximum climb” position these passages
never register with the ports in the fixed sleeves, but
beyond this position they do. Thus, when the lever 10
is moved directly from the “idling” position shown to
the “take-off” position (42), the sequence of operations
up to the “maximum climb” position (41) is as pre-
viously described. The piston 24 first moves to the left
temporarily (such movement cutting off the left-hand
end of the cylinder 23 from the passage 38). The pistcn
then moves back to its balanced position, in which the
passage 38 is again in communication with the left-hand
end of the cylinder, and the vane and rotatable sleeve
contfinue to move still further until they attain the “take-
off” position, when the passages in the rotatable sleeve
will be in register with the ports in the fixed sleeve of
sections f and g. Pressure oil is then fed directly to the
left-hand end of the cylinder 23, thereby forcing the
piston 24 to the right and so choosing a different setting
for the C. S. U. control which will be retained in th:s
position as long as the throttie is fully open.
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The oil from the right-hand side of the piston and

that fed to the passage in the valve 11 of section b, which
would otherwise be fed through passage 22 to the right-
hand end of the cylinder, will exhaust through passagcs
22 and 39, the restriction 40, and sections g and e to the
exhaust passage 28. The pressure oil fed to the annular
passage 27 in the piston will be led through the passage
29 to the right-hand side of the piston and will be like-
wise exhausted. QOil will also be led from the lefi-hand
side of the piston through passage 28 to the annular pas-
sage 26 and so to exhaust through the passage 32, and
a small leak of oil will also pass from this side of the
piston through the contrel passage 39 and the restriction
31 to the opposite side and so to exhaust. The rate ¢f
movement of the piston is controlied by the size of the
restriction 40 in passage 39.

If, during an emergency, it 1s desired to move say
from “maximum climb” position to “take-coff,” substan-
tially the same sequence of movements of the piston
would occur as first described with the exception that
the travel of the piston femporarily to the left would not
be so great or of the same duration before it commenced
its backward travel.

It will be understood that for relatively quick decelera-

60
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tion, substantially the reverse of the foregoing movements
of the various parts takes place,

What we claim as our invention and desire to secure
by Letters Patent of the United States is:

In combination, an engine having a throttle, a variable-
pitch propeller driven by said engine, a pitch-changing
mechanism operatively connected to said propelier, a gov-
ernor driven by said engine and having a predetermined

setting for acting on said pitch-changing mechanism to

vary the pitch as necessary, in certain conditions, to re-
store the engine speed to a predetermined value when the
engine speed varies, a control member operatively con-
nected to said governor for varying the predetermined
setting of the governor, and means operatively connected
to said throttle -and control member and adapted to be
actuated selectively by a rapid and sufficient opening
movement or closing movement of the throttle for ini-
tially moving said control member to vary the governor
setting to permit said mechanism to “coarsen” or to “fine”
the pitch of the propeller commensurate with the move-
ment of the throttle and depending upon whether it is
an opening or closing movement of the throttlie to pre-
vent the resultant additional power or lower power from
being applied for accelerating or decelerating said engine
and to make said power available at the propelier sub-
stantially instantaneously, said means subsequently actu-
ating said control member to restore said governcr to
its predetermined setting to keep the engine at the prede-
termined value, said means comprising a vaive member
connected to said throttle, a valve sleeve member sur-
rounding said valve member, said valve member and
valve sleeve member being relatively movable, a fluid
pressure servo device connected to said valve siceve mem-
ber for moving said sleeve member reiative to said valve
member, a fluid pressure servo device connected to said
control member for actuating said control member, a
source of fiuid pressure, and exhaust means for said fluid
pressure, said valve member and said valve siceve mem-
ber having first ports which, when said throttle is opened
or closed at a normal rate, supply the fluid pressure to
a first passage which includes said second-mentioned
servo device and leads to exhaust whereby said control
member is actuated for varying said predetermined setting
of said goverunor in the appropriate direction at one rate,
said valve member and said valve sleeve member having
second ports which, when said throttie is opened or closed
at a normal rate, also supply the fluid pressure to a sec-
ond passage which includes said first-raentioned servo
device and a constriction and leads to exhaust whereby
said first-mentioned serve device is actuated to move said
valve sleeve member to follow up said valve member for
closing said first ports and said second ports whereby
to arrest movement of said second servo device, said
valve member and said valve sleeve member having third
ports which, when said throtile is opened or closed at
a faster than normal rate, supply the iluid pressure to
a third and unconstricted passage which also includes
said first-mentioned servo device and leads to exhaust
whereby said first-mentioned servo device is operated at
a faster than normal rate for actuating said valve sieeve

- member more quickly to follow up said valve member
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and close said first and second ports so as to cause said
second servo device to effect a less variation of the pre-
determined setting of said governor, and means actuated
by said second-mentioned servo device for applying the
fluid pressure to restore said second-mentioned servo
device to a neutral position at the conclusion of a throttle
adjustment.

References Cited in the file of this patent
UNITED STATES PATENTS |

2,235,625 Madey o Tune 25, 1240
2,361,626 Keller oo Dec. 25, 1943
2,499,813 Braey - Mar. 7, 1950
2,525,694 Lindsey et al, . ____ - Oct. 10, 1950



	Drawings
	Front Page
	Specification
	Claims

